1-(dec-9-enyl)-3-(6-methyl-4-oxo-1,4-dihydropyrimidin-2-yl)urea (2). To a stirred solution of 2-amino-4-hydroxy-6-methylpyrimidine 0.913g (7.30 mmol) in DMSO at 170 °C was added 1 1.53g (8.40 mmol) (1 was synthesized according to a published procedure 1 ) under N2. After 3 min, the reaction mixture was quenched in an ice-water bath. The resulting solid was filtered and washed with 15 mL cyclohexane then 20 mL acetone.
Crude product was purified by silica gel column chromatography step gradient from (CHCl3:AcOEt 1-(10-(ethoxydimethylsilyl)decyl)-3-(6-methyl-4-oxo-1,4-dihydropyrimidin-2-yl)urea (3). To a 10 mL pear shaped flask with 2 0.100 g, (0.330 mmol) was added dimethylethoxylsilane 2.0 mL (13.6 mmol) and 15.0 µL Karstedt catalyst (Platinum(0)-1,3-divinyl-1,1,3,3-tetramethyldisiloxane complex solution in xylene, Pt ~2 %).
The reaction mixture was refluxed with stirring for 22 h. The open end of condensing column was equipped with a drying tube to prevent any moisture get into the flask. After the reaction, the excessive amount of dimethylethoxylsilane was removed under high vacuum (~0.3 mm Hg) at 50°C and the crude product was further dried in vacuo and purified by silica gel column chromatography (MeOH:CH 2 N-(7-bromo-1,8-naphthyridin-2-yl)isobutyramide (10). To a Schlenk flask with 9 2.72g (11.8 mmol) (9 was synthesized according to a published procedure 3 ) was added PBr 3 (22.7 mL, 242 mmol) via syringe under N 2 .
The reaction mixture was heated to 110 °C for 24 h. The crude mixture was cooled in ice bath and extracted with (CHCl 3 :isopropanol, 9:1 v/v) (4 × 100 mL). The combined organic layer was washed with saturated aqueous sodium bicarbonate (2 × 50 mL) and water (2 × 100 mL). The organic layer was dried over sodium sulfate, concentrated in vacuo and purified by silica gel column chromatography step gradient from 
Thickness of mono-layer on modified Si wafers using ellipsometry measurement
Film thickness of modified silicon wafers was measured using J. A. Woollam Co. variable-angle spectroscopic ellipsometer. Ellipsometric data were acquired via spectroscopic scan with angle of incidence at 50, 60 and 70˚ and spectral range: 300-1000 nm with revolutions per measurement (Revs/Meas) set at 10. Spot sized analyzed was 1 mm in diameter when incident light is normal to the surface, will be larger when scan with angle of incidence at 50, 60 and 70˚.For Piranha treated Si wafer, sequentially add Si, SiO 2 layer, fix Si layer at 1.00 mm, then do a normal fit to obtain thickness of SiO 2 layer (2.23 nm). For surface modified with various silane monomers, sequentially add Si, SiO 2 , Cauchy layer, fix Si layer at 1.00 mm, SiO 2 layer at 2.23 nm, then do a normal fit to obtain thickness of SAM layer. 
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Adhesion measurements via Lap-shear experiment
Adhesion was measured using Instron Mini 44 load-frame equipped with a 500 N load-cell and Labview 5.1 software (Figure S36) . Each lap-shear sample was prepared as following: A pair of glass slides was set using 10 μL of 10 mg/mL of each polymer solution in CH 2 Cl 2 with contact area 1.5 cm × 2.5 cm. The sample was clamped with binder clips and cured at room temperature for 24 h before lap shear test. Gaub et al experimentally showed that the unbinding forces of discrete complexes of avidin-biotin are proportional to the enthalpy change of the complex formation but independent of changes in the free energy 5 .
Their results indicate that unbinding process is adiabatic and entropic changes occur after unbinding.
Molecular mechanics simulation of Streptavidin-Biotin interactions also indicated that rupture strength correlates with enthalpies rather than free energies 6 . Assuming this also applies to disassociation of quadruply hydrogen binding hetero-complex, single pair rupture force of QHB modules can be easily calculated using the method we proposed here.
Firstly, the association/disassociation constant and change of enthalpy (ΔH) need to be measured or derived. Two examples are showed here in detail using Kd and ΔH measured or derived from simple solution chemistry.
Theoretical calculation of single pair ruptures force of UPy dimer
For equilibrium of UPy dimer formation:
For UPy dimer formation, it is reported 7 that at room temperature 25˚C (298.2K) Ka = 10 7
Long et al 9 showed that UPy dimer can be broken at 80˚C ( 
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Quantitively there are 32-37 nmole QHB modules in the amount of polymer used for each lap-shear setting which is 7-8 equivalents to the surface coverage of modified glass surface (0.6 nmol/cm 2 , 4.50 nmole in total for two slides with contact area of 1.5 cm × 2.5 cm). Excessive amount of QHB modules in polymer showed to greatly promote the pairing efficiency, but this will also generate non-specific interactions which should be subtracted when calculating percentage contribution in overall adhesion.
Calculation of percentage contribution of QHB modules in overall adhesion
The stress versus extension curve of lap-shear experiment vividly describes the dynamic nature of rupture event. The integration area under the rupture curve was used to calculate the amount of adhesion energy/mechanical work involved in the rupture process. Controls were used to approximate several types of non-specific interactions such as London dispersion and dipole-dipole. Subtracting the energy associated with these non-specific interactions from the overall adhesion, the percentage contribution of specific QHB interaction can be calculated. Adhesion energy/mechanical work was calculated using difference between maximum load at fail and plastic deformation load multiply rupture length, divided by two. Rupture length was defined as difference between position at fail and ending point of plastic deformation of glass slides.
Data set of triethoxyl silane monomers modified surface was chosen for the calculation for the following reasons: (1) it has better surface coverage (2) showed strongest adhesion when using QHB modules modified 
Theoretical adhesion force between two surfaces
Considering the soft nature of H-bonding interaction and those QHB pairs were stained over quite long period of distance (sub mm scale), using apparent rupture length should be a close approximation.
For DAN-DeUG
Use apparent rupture length calculated: 180 nm The pairing efficiency of UPy-UPy is about half of that of the DAN-DeUG, which is reasonable considering UPy could also dimerize itself in polymer.
